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(54) PRODUCTION OF POLYCRYSTALUNE SILICON AND APPARATUS THEREFOR 

(57)Abstract: 

PURPOSE: To easily obtain a polycrystalline silicon (P-Si) 
consisting of large and uniform crystalline particles through 
low temp, process by preheating, melting and recrystallizing 
a-Si on a substrate with first and second light sources. 
CONSTITUTION: By using a second light source 600 (such 
as Ar laser and YAG laser), an energy is supplied to a 

substrate 500 either from foreside or from backside to :4M.4q6 

preheat a-Si film 400 formed on the substrate 500. r^-^-^Ir^.- 

Subsequently a first light source (excimer laser) is set at the i f ■■i-: ^ '' :. . ^'^ f^ 

foreside of the substrate 500 and an energy is supplied to 



heat and melt the a-Si 400 which has been preheated as 
described. The melted a-Si is recrystallized with heating by 
the second light source 600. 
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1 ] mmcBiSL s nrc a - s i png^rs 
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m[ia»Tf»s±^ a - s i mm^mfSLri>Si^t. 
m 2 :«c?sr MiB a - s i ^f^mmm^ ^©p§ , 
mi^ii!i'r^fliJraM$n/ca--s i^nmbx^mr^ 

m2^xmM^rifc&-S i ^»P?^L;^cf;!)5e,ixyn> 
[3t^ 1 3 ] BygBBr^^^S i O. . S i 3 N. * 

cDi^rn*^ — :>xm^ri>ct^^mtr^n^mi 2 

[it*xi 1 4 ] mn^'mmmr ^m^xm 2 ytm^m 
^(om:G^^i^Ht^k'yjXj:^^jv^'-^m^. -^uxmi 
*««?siBtta - s i ommsrifcm^com'yf^iiLSiV 
x:^ji.=p^^ftn:^2> c i^i^mt-r-sis^^ 1 2 (ciBts 
cD^^a^>y3>^^:^„ 

[fSm^ 1 5 ] fuIBBBMOB^S i . S i , N. 

<o\.>rM^—oxm^r^ct^m6,tr^m^m\ 4 

CCfBKcD^eS-^ y n >ia3§^ffi. 

c»*^i 6] WffBiiiiTfeasiLrx^^^s^^u— tf- 
y3>saig:&ffio 

1 7 ] MSai^2 3a©<!: LXr)l::f>iy-1f 
YAGU-if-. ;n:f-u-if-:teJ:af^y»^A- 

i-r ^18*^1 6(ciaiEo^*SB^>'y3>u3s*ffi. 

[ft^iMl 8] Mfa^2 3feMiLrTJUrf>U>-1f 

YAGU— tf-. ;vtf-u-if-t>J:o'-^y '5i.- 
tt^m^m i 2tcia*gcD^tssi^y r2>ia®:^& 

Ctt*iB 1 9 ] mriaiS2 30a*^6CDx^;l.=f--«|?IB 

i^mmmstrs. mmmi^^z^mmni^^mmmi^t^^x 

[m^2 0 ] fjfai^2 7lc®t*Stji3x^.;l.=t=^'^;&ig^ 

1 9 cctBSSo^p^ V y 3 >si3§:^'ffi, 

[st^ 2 1 ] S«©|tiffitcJgiS^ n/c®M« a - S 
i «:SteS{b$#^feS^'y 3>tcKJS-r-2>^B«:*Ji.^ 

t}fBatgcr)SJ:??CC{igL/a - S i CDKgWx;^;^=^^-^8?g 

JsLbCDx:^;b^-*«J&-r2>^ 1 *asi. 

Miaa-S i<Z>gg^x:^;m--'-®SI^TCDx4^;U=f>-^ 

«*&-r 5 stso8?r:^* & ^ ^m^j (^amt ^m2 
[ts^2 2] mrfa^i7e^!g<bL'rx:^->vu— !f- 
yn^SiSKSo 

[fS^2 3] mria^2:)^i!g<hur(3:T;i'=f>u— tf 
YAGu— tf-. ;bfcr-u— y*-. •^y*:?^-^:*- 
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YAGU-1f-. Jl/tr-U-tf-, ^W^A-^t 

[it*ii2 6 ] i!riatit*&sfjffljjga«AOD. ^^^m - 
n;&^-o^{i:t^c<!:^itatir-5ifl«^2 Btciatso 

flp ? n/c^m ? n/c e - A ^Bf&r i> fab (o Bmm» ^ 
m^i>ct^i^mt'ri>n^2B(,cim(D0'm&u^] 20 

ii^ ^ c i ^i^m t f ^ft^ 2 7 (csasso^jsSB^t^ 'J 

130 s tifcmm $ nyfc tr - A jg: jg^r s /ca* (Dis&m»i 
m^^ct t f ^fs^ 2 5 «ciBiE<D^isaix y 

^n/cci^ritai-r^w^^Bs 1 cciaigcD^tsst^'; 4o 

[0 00 1] 

ym^j:ams:(^m^ . mcmmm^&mi^v::i> (th 

in film Amorphous snicon;a -S i ) 1f--4?*J 

ine Si 

1icon;p-S i ) <DS[jg:^^*jJ:0'2gg(CM-r-5o 
[0 00 2] 

[S£3feS{fi] — ajWtCp-S i tJ, DRAM (Direct R 50 
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andom Access Merory ) i; ^ >ap 

MVylyVT.^— (Thin Film Transistor : TFT) 
<!efflL//cLCD (Liquid Crystal Display) *-5>miC 
I S (Contact Image Sensor) ^CCJE < ffil^^tlT 

Se*©p~S i OSSiSj^ti, a-S i *>'5i.^«8S[ 
S|ft^i;3> (Micro-crystalline Silicon; //-S i ) 

(S PC :Solid Phase Crystallization) '^ix^^-? 
U-1f-^gra-S i *^li«SftBliMt^»;n>oaHW:ft^ 

(E LA : Excimer Laser Annealing ) 

[0 00 3] C<7)J:^^j:Si3g*?£K:*tL/*^m4. 8 
51. 363-^. 4. 880. 753 4#gaBS6 2- 
10 4 1 17. J^giffge 3 - 1 1 95 76. ^^836 4 
-2 54 1 50. #13^2 -3 3 9 3 5. iK^M^2- 1 
4 3 5 5 9. ^l[#|i|FGB2. 1 6 9. 4 4 2-^;^j:<i:*i 

[0004] Boies P Cffi^i. Jtf tt^^i^J^c p - S i 

sdi^ivfr^-s a - s i immx-mKM^ti^ 
[ooo5]-ei^r. MaiasBS:fi«r*€>:t7-hnx47 

X (0PrR0NICS,N08,1991,PP53. IEEE ELECTRCN DEVICE 
LETTERS.VOL.IO.NOS .AUGUST 1989, PP349) tCjctlt^. 6 

oo•cf^iar©^g^&lft^2:a:&•S:&i^ygsnr 1^-5)51^ c 

[0006] CCD<fc ^ J^cMffl^eStS-rS/casbCC. a - s 

KLwr^mtz^'LAmtmm^tih, ELAStcflai^ib 

f^^TSOr. a - S i CDaS^cXSP»C07fex^>;^=p- 
^fr^TFTSfcCiTF T LCD;t)SSaj§r#-2>, 

[0 0 0 7] L;&iL3^j:;i^6. COl^mcmm^tx^Xy- 
•tf-/^•;^xcD^-/::7 ^'<A755t>T;(>il 0?&:C^L/2 0ns 
r4)oT. U-*tf-CDPPES (Pulse to Pulse Energy 

Stability) -eor t:- Ai tr-A;??^ 

>»3^g«. 3feffi[t?*^x^>-vu-.if^sgai oi 

X V U --tf - If - A ^ X Sffi 3 0 tCj^ffi ? n/c 
a - S i S]g4 0 ^•rx;^;l.=^'^:&^i&^raWCC±S3-{t 

2-t*es-r-Sbr-Ae^^:^iS2o^fiiiL^o frisEL 

A;atc,i;^^tSe^t^';3>SSiiKa-C{i. x+e>vu- 
1f-f-Ad5a-S i CDS®W:^-r-5mra. a-SiCC 
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[0 00 8 ] CcDcfc^^C^M^jgi^T-S^/cas^fC. Sffi^ 

l)imb^r:^56ELA«:ifir:^d^ 1 9 9 l^SSDM 
(Solid State Devices Materials ) (tC^M^tiXl> 

6 E L A ^mLm^mimmim < rn^. i^sota^;^ 

[0010] 

mmi^mmL^^t-r^mm] :^^mo:)mmt, eo 
[0 0 1 n sfc. **?a<Dffeoa6«?ji. 

[0 0 12] 

-cstg«:{i;te>n/cfg)iit^oa - s i ^^mmmr^m 

[0013] MIB(Dae«J^^rS/c«>K:*:|^^<Df|&CD 40 

, iiriBBrSiii±cc a ~ s i nm^i6m.ri>WLm t . 
m2m&xmtzei-s i^^mwr^wmt. mi* 
®r^jjn»,$n/ca-s i ^mmhxmm.ir:^WLm 

[0 0 14] mmi.fc:^mm^m.l5m^C^\.^X. gylE 
a-S i ^^fiifl[Iia-r'5>K|5&r®2 7ti®^iS«CDB?:?^* 

urn 1 a - S i 3&^J^fiS $ n/cSlSOBo:;^ 50 
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t^o ^L/T. MiBSrM/iO^t^ihLTS i O, . Si, 
[0015] miiaili3taSiLrx+v-7U-if-:&ii 

fflu. m2%mL\^x\t.. n^ttjih^-s icDig^x 
*J^=^^'-lseJWTox;^J^^^--:&tt^&r ^ c tox^ 5 

KlfC«. r^l/3'>U-^1f-. YAG (Yttrium- 

AluminupM^amet ) U-lf-, Jl/fcT— U — 1f — ;te J:C^-^ 
(He-Ne ) U-1f-3^j: (b'OD^CDtr^'m:?^^ 

[00 16] mrlBm23feM3!p6CDx*;m^-«, flriB^ 

[0017] aScD«5ffi^C0^$4l/c»lit^a - S i ^ 

luiBS«©f):^CC{igO a - S i <0^^:x.:^)V^ 
-af^W±Ox^;l.^'-^;&^-r^mi«<h. mfiBa 
-S icDKI?x;^;l.^-|^S«TOx:^;^^'--;S:^,jj^•r 

[00 18] ^tc:^^m(ow&mmc:hi.^x . i?iaB2 

m&iimmm * :^cW:T;aS^fl^^c x ^ * miiBSS± 
COa-S i tc«#&r*^<fc^tc-rSo Ittc. M^ll23fe 
X ;^ =f t? ^ <fc ^ itS^g i C 

oyytimMwmtKa - s i itc&mr ^^M^t^m t . e 
[0019] mnEm^^m^t Lx\t. add (acou 

sto Optic Deflector ) , [5|lte^ffiffi*f(jflaL//c:i< U =^ 
> ^ (Fblyqon Mirror) . ^a^^-^"? {Chopper ) 

t^mmr^cti^x^i>. 

[002 0] m^^Bm^m(fCx,:^ji:¥-^&<Di^m^ 
MJ: D rj:^j^Bm&i^4:m^xtj: ^ ^ o^mm^cmi.^ 6 

[002 1] 

mm] mmytMtfc\tm2ytmxmi^mifc{tx^ 

^>vu-1f-Mltcofu!^{Ca-S i ^SQlgiUx^^'VU 
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[0 02 2] 

[0 0 2 3 ] ^mMCO^m^iy U ra^^:^^^^^ ^ i 

m^m^mmiL. i^';n>©^2 3£iBrt>yn><DWiiiS 

[0 024] 8?Sagri:Jfeffi«. a-S ifgJgj&iJf^fiSc^n 
^ U /cf^ CC tSmriBH 1 ^mt^ 6 X ;^ Jl/ < 15 IBS 

[ 0 0 2 5 ] 0 3 ^^mttikt. m 1 spgrtistg 50 30 
ocofg^ (affir^T:^) Jc(i^6nfc»r23^6 0o 

rfi®5 0 0±tC?f^^$n/ca-S i»^4 0 0^»n^ 
■r^o C<D^(7>gfe|5&$n/cm2 7fei®6 0 0;&^6O^x^ 
a-S i»ffi4 0 0*5j:CfStg5 0 0tC— 

[0 0 2 6] m2iapgrttH40C7nL/aio. «tr§ass 

5 0 0 ostr;? (SMt? (ji::^) t^m^t^tittm 1 Tfeas 1 

0 0 ^^12^2 3feaS6 0 0 tCcfc ^«mi§n/c a - S 

i?8iS4 0 o^mm^mmmLxmrn^it^. ao 

[0 0 2 7 ] m3gpg-C«05OC^L/cM»3. Sli^tl 
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JaTCDx;^;l.^'-*«t&L,t#ST;l/zf> (A r) U-1f 
— . YAG (Yttrium-Aluminum-Camet ) U--if— , )l 
f-U-tf-. '^^y (He-Ne) U— !f 

- ^ ^ ft ffi -r C i r t ^ , 
[0 0 2 9] ®6)^cl^Ua8«. 0?iBSl*5<*:!yf||2* 

[ 0 0 3 0 ] S6«, — *S*B<jAj:x:^;i.^-^^#§:?^'ffi 
■C*0. mrsBa-S i»Jl^c*fLS^2 3^-lfl3fe^B- 
^23fe^®C0JlK:«<5>C: i^^r. c(o^':>rj::frmcj:^ 
m2^aStcJ:0a-S iJg^^^^^iiatmsni^SBx^ 
;^=f^-:«>iJ:SUfKj4 5 0-COMS«:«%. COBJfCa- 

)\^^-i^mi>J^!S<ommj^ititi^ta. - s i ^jjk, i o o 
6. w^^iimci>Micm2ytmi^'h<Ds.^^)idf-:bm 

[0 0 3 1 ] S7«. m2imi^h:L:^i.)l:^'-:^^mU 

[oo3 2]H8». f(rfa©^rffiijm>j:om2*«<D 

{tW2ytmc:):t^^)i^^'-o\i'- ^m^iMiofc^f^K^s 
^iti^ctiTjkto com. miEmi^m<Ds,^}Vdf 

m 1 ^eaatc j:§x4^;i/^-Aiai£>T'S^4«*^?is<3[)?fc 

ffi^ «oB# tc|?iB^ 2 6 X 4^ -5 «fc 

[003 3] «±Ocfc ^ &*SBJ9(7>«[S:^{C 

f^mmmmm=^mcx a - s i sn^^^Mjtjn^^^ if a - 
7ti®^?iDra-s imm%mm^'^tcmt^chm2ytm 

3&^6»CDx:^;U^--^a-S i «M«:i^i:rrfl«&3ii-5c 
<!:CCj:t3^»$tlfca ~ S i Ofi@afi«:Sa?)SieB^ji 

[0034] CO<t^«c*:^4llte-r^C<!:fC;te(.^ 
|treBSffi«:S9CC^L.3^cil>)S«5 00ia-S i 

SM4 0 Qtomt'cmmmi o o^iiA^citcjros 

(Ommmi OOlit. 0, 1 /jrl^L 1 /imCD/SS^rWr-S 

c(owmm7oo{t. m2ymi^^h(omtmm^ii:^ 

t^. a- S i]i*^6^^U/c^tiaS5 0 0Cce3$# 
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[0 0 3 5 ] E9?S:#Mrti&i. a - S i StJS4 0 0 

mmcmm^tixi.^^. mssimmi oo^t. a-si 
»jg4 0 o*^h¥^{ytcm(om^5 0 om^om^^vf 
mthtci,ixtj:<m^boo^M^i^(bmmrhWim^ 
mr^. frj^L/ciio. mwSfmtmi 0 0 ^t^imrj: 

or. 0 0(Dm'Jjf)^bm^f!^n^^:L^)V^- 

\t. Sfi5 0 0 tm^Ml 0 0 ^mdcSMUtc^. a - 

s i mm4 0 0 tc^L/ a - s i I5J14 0 0 ^nmt^o 

-icmt^ti^CtdcJ:^ Si-S ifgM4 0 O^JUD^ 
aSCC J: D a - S i »JKCCiaM<OJgi:&i^i L T . C CDiS 

acDji»wffia»fi»H 7oo(cj:i3S«5oo cceas ti 

fifoT. ^6x;^;^^-CcJ:^ISx4^;^+'-». a-Si 
[0 0 3 6] Ell &i±(D^^tj:^^BM<Dp-S i 

*stifirscttciiL/cp-s im&mm^mt. 

[0 037] ^IfeBJO^jSa^Bt^ U n>iJig^®«. m 1 
m^V$>Z^X,^iy^]y-^-^mi 0 0a <^:X^'>-7U 

•-if--fcr-"A^ss5 0 0 (fCBf&^tifcsi - s i mm4 
0 0 *rx4^;u^-^flj?:^W^i%i-{bSifGil-r-5 

br-Ae3i^:^^2 0 0. Il23fejm6 OOra-S i» 
g4 0 0 *»n«iT ^fflftWra^iJfeilSgg 6 O O a 

60 ffifftflDift^ica^ae 0 0 a«. r;v=f>u-tf-. 

[0 03 8} g9iex=^t/"7U--lf-KBl OOaW. M 

BWn^is^se 0 0 aJ:o^i>:^e<JcciSl>x:^;^=^-cD 

l0 0a.f)^h<D\y-1f-t:-A{t. a - S i <7)j8B4,#.J£l 

SMfBlfaini«(7fei!^a6 0 0 a^O^^OU-lf-tr-A 

-^wr^o cn^OHocD^gl OOa. eooa 
a-S ifSI^CDffJflJSn/cSfiS 0 0C0ii:)S*'5Ci 

m^. \y-v-^meoif)^h<ou-ir-^&mt^& 

ii»6 0 3te<t?>'5ftf«6 0 3:^^>6iSS^^nfc^-1f- 
**frlESffi5 oo^c&iri&&yt^ms 0 4*«a 

[003 9] c cD<=fc ^ t^mmi^m^miBwmmmytmM 

- 6 0 2 <t L-C«8l«{W3^jrS^ ^7-;&5fiMa Stiffs 
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■C*Sil^OAOD (Acousto optic Deflector ) , Isl 

[0040] -yj. m^EBm^^mcm 1 2 cc^ urc j: 

^;^i:3feeSJKi*6 0 5;&iSfflSm#^, CCO^BmUi^ 
6 0 5«. ^m&^(iCX,:^)ldf^^^^Si^;^tltcmm^ 

10 >(^^-8 0 6 J:0^F^^S$n/cji4^/c(3:li^^Z)7r-Y>'^- 
•-:S'C^So BJlS3fefci^i*6 0 5 0:)fefcBftfMffl<Dita 
a-S iJiKh-7>5^X^-<D*{460:^#Si<HT 

fji(OV. S#fiia - S i mm^l^Jtrr^^y r -</^*-<D 

[0 04 1 ] guta3fefi^^€:l9:C:fSCi(C*JV^r. tb 

itufaSKB 0 0 iCDSESI^ 1 nimtiTtcMRRT'S^c 
[0042] tiirSiM S n/c*^?«0SS:?3ji4cj J: 

(x^wu^tf--) M«<Z)*5«K:a - S i ^JlP 

jsi/. 1^1 (x^v/vu^tf--) mi(om<Dmns. 
BWcDSsop - s i mi^^m^o 

[0 04 3] 

xfit?3^j:t^(Bjixs't?p - s i mm^mi'^'r^cti^x 

So 

[02] x+5xvU-1f-CDffa«3n/ca -S i <DX 

50 jSiago5^«flp«i©pg^^nr. 
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[05] ^^m(omi&ijm^j:^^m&ty v ><o^ 
me] :^Bm(Dm^-jym(fCj: o x^^t^ v u-^tf-o 

fiaW§n/ca-S i©x^;l.=P-^mill0'CA'So 
mMi$txfca-S i (Dx^jU4^'-^Wjg|3r*'2>„ 
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[012] El 1 1 CC7i^U/cS2^ilSCD^e^f*C0S 
[?^#<D|5iH>g] 

1 o-x=^^e^n7u— tf-jgg. 2 o-t'-A 

<Ka3te^». 3 0-;^/^XS«. 
40-a-Si?5R 10 0-»l^i®, 

1 0 0 a-x + S/vU-tf-^g, 2 0 0" t' 
- Aea3lc^5i^. 4 0 0 - a - S i Igg. 

10 5 0 0-Stg. 6 0 0-^2 

6 0 0a -mmimy^mm. e o i 

•"U-tf-^ii?.. 6 0 2-5>i' 

6 0 3 -J^itM. 6 0 4 -^jg^fe^l^. 

6 0 5-*e^<*. 6 0 6-S^:J67T-r^< 
7 0 0-»f«^Jl. 
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